Background: Epidemiological studies have shown inconsistent results for the association between body size and colorectal cancer (CRC) risk. Inconsistencies may be because of the reliance on self-reported measures of body size. Objective: We examined the association of self-reported and directly assessed anthropometric data (body height, weight, body mass index (BMI), waist, hip, waist-to-hip ratio (WHR) and chest circumference) with CRC risk in the EPIC-Norfolk study. Design: A total of 20 608 participants with complete self-reported and measured height and weight and without any history of cancer were followed up an average of 11 years, during which 357 incident CRC cases were recorded. Hazard Ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox proportional hazards models. Results: After adjustment for confounders, HRs among women in the highest quintile of the body size measure relative to the lowest quintile showed that measured height (HR ¼ 1.98, 95% CI ¼ 1.19-3.28, P trend ¼ 0.009), measured waist circumference (HR ¼ 1.65, 95% CI ¼ 0.97-2.86, P trend ¼ 0.009) and measured WHR (HR ¼ 2.07, 95% CI ¼ 1.17-3.67, P trend ¼ 0.001) were associated with increased CRC risk. Associations using corresponding self-reported measures were attenuated and not statistically significant. Conversely, the association of BMI with CRC risk in women was weaker using measured BMI (HR ¼ 1.57, 95% CI ¼ 0.91-2.73, P trend ¼ 0.05) compared with self-reported BMI (HR ¼ 1.97, 95% CI ¼ 1.18-3.30, P trend ¼ 0.02). In men no significantly increased CRC risk was observed with any of the anthropometric measures. Conclusions: Measured height, waist circumference and WHR were associated with CRC risk in women, whereas any significant associations with those measures were attenuated when self-reported data were used.
Introduction
In the United Kingdom, the prevalence of general obesity (measured by body mass index (BMI)) has more than doubled in the last 25 years. 1 The recent Health Survey for
England found that prevalence of overweight (BMIX25 kg m À2 ) was 66% in men and 57% in women in 2008, with highest prevalence among adults aged 65-74 years. 2 The annual cost of treating medical conditions related to overweight and obesity in the UK has been estimated to be d4.2 billion, which is expected to more than double by 2050 (ref.
2).
Obesity has been associated with increased risk of major chronic diseases such as hypertension, stroke, type-II diabetes, coronary heart disease and several cancer types. 3 Many studies have shown that general obesity as measured by BMI is positively associated with colon or colorectal cancer in men, [4] [5] [6] [7] [8] [9] [10] [11] whereas weaker or no associations have been found in women. 4, 6, 8, [12] [13] [14] Findings for rectal cancer risk in association with height, weight or BMI have been inconsistent and nonsignificant. 4, 8, [15] [16] [17] A meta-analysis of 30 prospective studies on BMI and colon and rectal cancer found that a 5-unit increase in BMI was associated with a statistically significant 30 and 12% increased risk of colon cancer in men and women, respectively, and 12% and nonsignificant 3% increased risk of rectal cancer. 18 More recently, measures of body fat distribution, especially abdominal fatness (central obesity), as reflected by waist circumference or waist-to-hip ratio (WHR), have been suggested as better predictors of metabolic disorders that Little is known about the practical consequences of using self-reported anthropometric data in epidemiological studies, especially central obesity-related measures. Errors in self-reported measures could lead to biased estimates of the relationship between body size and health outcomes, but the potential size of any such bias has not been previously investigated.
The EPIC-Norfolk study has both self-reported and measured anthropometric data, thus providing a unique opportunity to compare the two different methods of anthropometry measurement commonly used in epidemiological studies in association with health outcomes. The aim of this study was to examine the association of colorectal cancer risk with anthropometric data obtained by self-report and by direct measurement from the same participants using data from the EPIC-Norfolk study.
Participants and methods

Study population
The participants in this study were part of a prospective population study of 25 639 individuals (11 607 men and 14 032 women) aged between 40 and 79 years at recruitment who were residing in Norfolk, United Kingdom. The design and study methods have been described previously. 29 Briefly, the cohort was recruited between 1993 and 1997 from age-sex registers of general practices (which, because of the United Kingdom National Health Service, serves approximately as a population register) as part of the ten-country collaborative European Prospective Investigation Into Cancer and Nutrition (EPIC). 30 Baseline health examination comprised a clinic visit that included anthropometric measurements and blood sampling, as well as completion of a detailed questionnaire to assess health and lifestyle factors. The present analysis included all men and women aged 39-79 years old who completed the health and lifestyle questionnaire and attended the health examination. Of the 25 639 with available data, 1395 had a history of cancer at the baseline visit and were excluded from the main analyses, leaving 24 244 individuals (11 166 men and 13 078 women).
Case ascertainment All participants were followed up for health events through routine record linkage with cancer registration and death certification. Assessment of anthropometric data measurements Self-reported anthropometric measures were obtained from a health and lifestyle questionnaire that was posted to participants for self-completion shortly after recruitment. Participants were asked to report their body size using the questions 'What is your height?', 'How much do you weigh now?', 'What is your waist size?', 'What is your hip size?' and 'What is your chest/bust size?', with response options of 'feet/inches, don't know' for height; 'stones/pounds, don't know' for weight; and 'inches, don't know' for waist, hip and chest circumference. There were no specific instructions given to participants as to how to take the measures. These self-completed questionnaires were returned by post. Anthropometric measurements were obtained at a baseline health examination within 2 months of completing the questionnaire. Trained nurses took measurements on individuals in light clothing without shoes using a standard protocol.
Height was measured to the nearest 0.1 cm using a freestanding stadiometer (Chasmors Ltd, London, UK). Weight was measured to the nearest 100 g using digital scales (Salter, Tonbridge, UK). BMI was calculated as weight in kilograms divided by height in metres squared (kg m
À2
). A D-loop non-stretch fibreglass tape was used for waist, hip and chest circumference measures. Waist circumference was measured as the smallest circumference between the ribs and the iliac crest while the participant was standing with the abdomen relaxed, at the end of a normal expiration. Where there was no natural waistline, the measurement was taken at the level of the umbilicus. Hip circumference was measured at the maximum circumference between the iliac crest and the crotch while the participant was standing. 
Statistical analysis
Of the 24 244 participants who attended the health examination and were free of cancer, a total of 20 608 (9553 men and 11 055 women) had complete information on both selfreported and measured height and weight and formed the basis of this analysis. Of these participants, information on both self-reported and measured waist, hip and WHR was available for 18882 (92%), 15864 (77%) and 15692 (76%) participants, respectively. Cox proportional hazards models were used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for risk of CRC using self-reported and measured anthropometric variables separately for men and women, with adjustment for potential confounding variables. Follow-up time was the time from the date of recruitment to the date of CRC registration, death, or the last date of follow-up, whichever came first. The participants were grouped into sex-specific quintiles on the basis of the anthropometric measurements, the analysis being conducted separately by self-reported and by measured values. Additional analyses were carried out by grouping participants into pre-defined categories of BMI and waist circumference according to selfreported and measured data separately. Standard BMI cutoffs are o18. (obese). 33 The criteria of central obesity defined by International Diabetes Federation is waist circumference X94 cm for European men and X80 cm for European women. 34 Sex-specific multivariable models were adjusted for age (continuous); current smoking status (never, former, current); educational level (low, high); physical activity level (physically inactive, not physically inactive); family history of CRC (yes, no); and intakes of energy (kcal per day, continuous); folate (mg per day, continuous); dietary fibre (g per day, continuous); dietary fat (g per day, continuous); total meat (g per day, continuous); and processed meat (g per day, continuous). Analyses of weight, waist and hip circumference and WHR were also further adjusted for height (cm, continuous). All variables included in the models were derived from information reported at baseline.
Age-and multivariable-adjusted models were additionally constructed to estimate CRC risk associated with each 10 cm increase in height, 10 kg increase in weight, 4 unit increase in BMI, 10 cm increase in waist circumference, and 0.1 unit increase in WHR, which were roughly equivalent to 1 s.d. for each measure in men and women.
To address the possibility that preclinical CRC symptoms might influence changes in body size and fat distribution, cases incident within 2 years of baseline were excluded and all analyses were repeated. Tests for trend were performed by modelling anthropometric data as continuous variables. Simple associations between categorical covariates were assessed with Pearson's w 2 -tests for two independent proportions. For the continuous variables, means were compared by t-tests or analysis of variance. All statistical tests were two-sided, and P-values less than 0.05 were considered statistically significant. Analyses were carried out with the statistical software package STATA (version 10, Stata Corporation, College Station, TX, USA).
Results
During 11 years of follow-up period, a total of 357 CRC cases (197 male and 160 female cases, average 64 years old) were identified. Of these cancers, 238 were located in the colon and 113 were located in the rectum.
Self-reported, measured body size and colorectal cancer JY Park et al Table 1 shows the baseline characteristics of the participants according to measured BMI quintile for men and women. Men in the higher BMI categories tended to be older, less frequently reported being current smokers, had attained lower educational level and were physically less active compared with those in the lower BMI categories. These men with higher BMI reported lower energy intake, but significantly higher meat intake, especially processed meat. Similar patterns were seen among women, whereas women with higher BMI were more likely to be postmenopausal and less likely to be HRT users compared with leaner women.
Measured and self-reported anthropometric measures were examined by sex-specific measured BMI quintiles and the differences of those measures (self-reported minus measured values) are shown in Table 2 . In both men and women height tended to be overestimated, whereas weight, waist and hip circumference tended to be underestimated, the magnitude of over-or underestimation being greater among participants with higher BMI. Chest circumference tended to be overestimated greatly among men with lower BMI, but greatly underestimated among women with higher BMI. We also found that participants who did not respond to the self-reported questions for height and weight tended to be heavier and to have higher measured waist and hip circumference than those who responded (data not shown). Table 3 and Figures 1 and 2 show HRs for CRC risk by quintile of self-reported and measured anthropometric variables in men and women from multivariable adjusted models. Among men, neither self-reported nor measured anthropometric variables were significantly associated with increased risk of CRC. In women, there was a statistically significant trend of increased risk of CRC across quintiles of measured height, (X166.1 cm vs o155.8 cm, HR ¼ 1.98; 95% CI, 1.19-3.28; P trend ¼ 0.009), waist circumference (X90.5 cm vs o73.0 cm, HR ¼ 1.65; 95% CI, 0.97-2.86; P trend ¼ 0.009) and WHR (X0.844 vs o0.739, HR ¼ 2.07; 95% CI, 1.17-3.67; P trend ¼ 0.001) after multivariable adjustment. These positive trends in women were not observed using self-reported height, waist circumference and WHR. However, a significant positive association was observed between self-reported BMI and CRC risk (X29.4 vs o22.6 kg m
À2
, HR ¼ 1.97; 95% CI, 1.18-3.30; P trend ¼ 0.02), whereas the association with measured BMI was weaker and the HR for those in the top versus bottom quintile was nonsignificant (X29.4 vs o22.6 kg m
, HR ¼ 1.57; 95% CI, 0.91-2.73; P trend ¼ 0.05). For chest circumference, there was no statistically significant association with CRC risk in men or women using either self-reported or measured values. Of all anthropometric measures, measured WHR in women showed the strongest association with CRC risk. In the anatomical subsite-specific 18 (6) 18 (6) 18 (6) 18 (7) 18 (6) Meat inatke (g per day)
66 (44) 69 (47) 69 (43) 69 (38) 73 (45) Processed meat intake (g per day)
27 (23) 28 (27) 28 (22) 29 (25) 31 (27) Self-reported, measured body size and colorectal cancer JY Park et al models, self-reported height in men (P trend ¼ 0.04) and measured WHR in women (P trend ¼ 0.01) were associated with increased risk of colon cancer, but not with rectal cancer (data not shown). Analyses were repeated for women who were postmenopausal at baseline (n ¼ 8468) using measured and selfreported values of the anthropometric variables. A total of 147 CRC cases were identified among the postmenopausal women, and the results did not substantially differ to those in all women shown in Table 3 after excluding 2584 pre-and perimenopausal women. The results stratified by HRT use among postmenopausal women (129 women with CRC reported no HRT use at baseline and 18 women with CRC reported HRT use) showed that the associations persisted for women not using HRT (measured height (P trend ¼ 0.03), selfreported BMI (P trend ¼ 0.03), measured waist (P trend ¼ 0.01) and measured WHR (P trend ¼ 0.001)), however, there were insufficient data to investigate whether there was an association among HRT users.
The associations of CRC risk with self-reported and measured BMI and waist circumference were further explored by dividing participants into groups based on standard risk categories for BMI (X25.0 vs o25.0 kg m
, that is, overweight vs non-overweight) and waist circumference (X94.0 vs o94.0 cm for men and X80.0 vs o80.0 cm for women). Out of 6326 men and 5965 women who were overweight according to measured BMI, 80% of men (n ¼ 5032) and 78% women (n ¼ 4629), respectively, were correctly classified as overweight using self-reported values. Among men with measured waist circumference of X94 cm (n ¼ 4891), only 56% (n ¼ 2717) were correctly classified as such using self-reported values, whereas 58% (n ¼ 2876) of women with measured waist circumference of X80 cm (n ¼ 4965) had a self-reported waist circumference within b Differences were all statistically significant across the quintiles of the BMI apart from family history of CRC (P ¼ 0.44 for men, 0.68 for women) and fibre intake (P ¼ 0.19 for men, 0.64 for women). Self-reported, measured body size and colorectal cancer JY Park et al Models for height and BMI were adjusted for age, sex, smoking, alcohol, education, exercise, family history of CRC, energy intake, folate, fibre, total meat and processed meat, intakes.
b Models for weight, waist, hip, WHR and chest were further adjusted for height.
Self-reported, measured body size and colorectal cancer JY Park et al this range. We did not observe any increased CRC risk in either overweight men or waist circumference exceeding 94 cm (data not shown). However, compared with non-overweight women we observed a significantly increased CRC risk for overweight women using both measured BMI values (HR ¼ 1.50; 95%CI, 1.06-2.12) and self-reported BMI values (HR ¼ 1.41; 95% CI, 1.02-1.94). In addition, women with a waist circumference of X80 cm had a significantly increased risk of CRC using measured (HR ¼ 1.53; 95% CI, 1.07-2.17) but not self-reported values (HR ¼ 1.32; 95% CI, 0.94-1.86) compared with those with a waist circumference of o80 cm.
After adjusting for measured waist circumference, a 10 cm increase in height was statistically significantly associated with an increased risk of CRC in women only using measured values (HR ¼ 1.42; 95% CI, 1.04-1.93, Table 4 ), but a 10 kg increase in weight was associated with increased CRC risk in women only using self-reported values (HR ¼ 1.29; 95% CI, 1.04-1.62). BMI was not independently associated with an increased risk of CRC risk after adjustment for waist and hip circumference in either men or women using either self-reported or measured values. After adjustment for measured height and weight, a 10 cm increase in waist circumference and a 0.1 unit increase in WHR were significantly associated with increased risk of CRC in women using measured values (HR ¼ 1.41; 95% CI, 1.06-1.87 for waist circumference, HR ¼ 1.41; 95% CI, 1.13-1.77 for WHR), but not using self-reported values. When a sensitivity analysis was conducted excluding a further 40 cases (18 male and 22 female cases) incident during the first 2 years of follow-up, results were not materially changed (data not shown).
Discussion
In this large population-based cohort study, measured height, waist circumference and WHR were strongly associated with CRC risk in women, whereas no significant Self-reported, measured body size and colorectal cancer JY Park et al association was found in men. Any significant associations with those anthropometric measures were substantially attenuated when self-reported data were used. An exception to this was BMI in women, where self-reported but not measured BMI was significantly associated with CRC risk. After further adjustment for waist and hip circumference, however, neither self-reported nor measured BMI was associated with a significantly increased CRC risk in women.
Higher measured waist circumference and WHR remained as strong risk factors for CRC in women even after additional adjustment for weight and height. This is the first prospective study to quantitatively evaluate the differences in CRC risk associated with obesity estimated by both self-reported and measured anthropometric data. Pischon et al. 8 earlier reported analyses on measured body size, including waist and hip circumference and risk of colon and rectal cancer using data from the EPIC study, where a subset of the data from the EPIC-Norfolk study was also included. However, there has been no attempt to investigate the effect of body size on CRC risk prospectively by analysing both self-reported and directly measured anthropometric data from the same participants in order to explore the effect of inaccurate self-reports on the risk estimates. Although obesity has generally been accepted as a risk factor for CRC, 24 it has not been well documented whether differences in methods for assessing overweight and obesity influence the association with CRC risk. This study with a range of self-reported and directly measured anthropometric information including waist, hip and chest circumference from a large number of participants was able to show that using self-reported height, waist circumference and WHR significantly weakened any associations with CRC risk. Although some studies have concluded that self-measured anthropometry is satisfactory, [35] [36] [37] our study indicated greater magnitude of errors in reporting such measures among participants with higher actual BMI. In particular, waist and hip circumference was misreported to a greater extent than weight and height, especially in overweight or obese women ( Table 2 ). We also observed that non-responders to the selfreported questions were more likely to be heavier than those who responded (data not shown), making it possible that those non-responders are selectively underrepresented in studies relying on self-reported data. Moreover, there was substantial misclassification using self-reported waist circumference cutoffs for central obesity, significantly attenuating a positive association with CRC risk in women. Consequently, this study shows that errors in self-reported anthropometry could result in biased estimated associations with CRC risk. Epidemiological studies comparing BMI and fat distribution measures in relation to health outcomes may therefore have very different results depending on whether data were from self-reports or direct measurement. There is some debate as to whether a weight-related measure, such as BMI, or a fat distribution measure, such as waist circumference or WHR, more accurately reflects the metabolic and health consequences of obesity. [38] [39] [40] The results of this study found that in women, central obesity measured by waist circumference or WHR was strongly associated with CRC risk independently of weight and height, whereas general obesity, as measured by BMI, was not associated with CRC risk independently from waist and hip circumference. In the anatomical subsite-specific models in this study, strong effect of WHR was limited to colon cancer in women rather than rectal cancer using measured values only. This is consistent with previous studies that Multivariable models were adjusted for age, sex, smoking, alcohol, education, exercise, family history of CRC, energy intake, folate, fibre, total meat and processed meat, intakes.
b Multivariable models for height and weight were further adjusted for waist circumference. Multivariable models for BMI were further adjusted for waist and hip circumference. Multivariable models for waist circumference and WHR were further adjusted for height and weight.
Self-reported, measured body size and colorectal cancer JY Park et al showed fat distribution estimated by waist or WHR to be a stronger risk factor for colon cancer than body weight or BMI in women. 8, 12, 41 In these studies, where all anthropometric measures were directly assessed by trained staff, the effects of waist or WHR on cancer risk remained even after adjustment for BMI. The Iowa Women's Health Study and the Nurses' Health Study showed positive associations of colon cancer risk with increasing BMI but not with increasing WHR in women. 23, 42 However, these studies used self-reported anthropometric measures only, and we found that highest quintile of self-reported but not measured BMI was significantly associated with CRC risk. The statistically significant association between self-reported BMI and CRC risk in women observed in this study is likely to be caused by the participants' height overreporting and weight underreporting. Plausible biological mechanisms have been suggested for the associations between body size and cancer risk. Height is important as a marker for genetic, as well as environmental exposures, especially early childhood nutritional status. 43 Excessive energy intake may result in increased cell proliferation and expanded organ-specific stem cell populations. 44 Insulin-like growth factors (IGFs), especially IGF-I that is secreted from the liver in response to pituitary growth hormone, are critical in somatic growth. 45 Previous studies have shown that in obese participants with central deposition of adipose tissue, levels of plasma insulin concentrations tend to be elevated due to insulin resistance. 46, 47 By inhibiting the synthesis of IGF-binding proteins, insulin can increase biological activity of IGF-I (refs 20,48) . Moreover, high levels of IGF-I have been associated with increased CRC risk, by possibly enhancing cell turnover. 47, 49, 50 Experimental studies have also shown that leptin, related to the amount of adipose tissue, is increased by excessive energy intake 51 and promotes human colonic cell proliferation and invasiveness in colon cancer. 52, 53 In our study, significantly increased CRC risk with obesityrelated anthropometric variables was confined to women. This finding is in contrast with the results from previous studies including several meta-analyses that have shown that obese men, estimated by BMI, are more likely to develop CRC than obese women. 18, 54, 55 The reasons for these inconsistent results in men in our study are not clear. The strong effect of waist circumference and WHR on elevated CRC risk in women in our study may be due to hormonal metabolism. The majority of women in our study were postmenopausal, and changes in fat distribution among postmenopausal women tend to result in increased visceral fat depots. 56 We found that independently of height and weight, central adiposity, which is related to an increase in androgenic activity in postmenopausal women, is an important predictor of CRC risk. It has been hypothesised that the association between obesity and CRC risk may be weaker among postmenopausal women due to a role of oestrogen as an effect modifier. 46, 48 We showed significant positive associations only with postmenopausal women, however, it should be noted that we have relatively few pre-and peri-menopausal women. Postmenopausal HRT use has been associated with a reduced CRC risk, 57,58 but there were not enough HRT users in this data set to enable us to investigate this further in detail.
One of the strengths of this study was our ability to investigate a range of self-reported and measured anthropometric information in association with CRC risk. Our anthropometric measurements were taken by trained nurses using a standard protocol, with circumference measures being taken at least twice. Furthermore, by using general, homogeneous population data with comprehensive lifestyle information we were able to reduce the possible role of residual confounders. In this study, the time lapse between the health and lifestyle questionnaire being completed, from which self-reported measurements were obtained, and the clinic visit where anthropometric measurements were made, was less than 2 months. We therefore thought it unlikely that many participants would have achieved significant weight changes within this time.
This study has also limitations. The aetiology of CRC may vary by subsite. 59 However, because of the small number of cases, we were not able to explore the effect of body size on proximal, distal colon and rectal cancer separately. Moreover, all body size measures were available at baseline only, making it difficult to consider the effect of any long-term changes in body size on CRC risk throughout the follow-up.
In conclusion, our study with both self-reported and measured anthropometric data showed that measured height, waist circumference and WHR were strongly associated with colorectal cancer risk in women, whereas any significant associations with those measures were significantly attenuated when self-reported data were used. These findings suggest that the association of anthropometric measures with colorectal cancer risk was more apparent with directly assessed measures compared with self-reported measures.
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